Al73Cu11Cr16 alloys were prepared by mechanical alloying of the irradiated by Ar + ions elemental powders. Evolution of alloy structure at ball milling, as well as during the further annealing, was investigated using X-ray diraction and dierential scanning calorimetry. It was shown that ball milling leads to the Cu dissolution in Al and Cr and to the formation of Al2Cu intermetallic phase. An increase of the milling duration leads to an increase of the Al2Cu phase content in the samples. Ion irradiation of initial elemental powders results in an increase of their interaction rate at milling. In the case of irradiated powders using as initial materials, a content of Al2Cu phase after milling is higher than in the case of using non-irradiated elemental powders. No eect of irradiation of initial elemental powders on the phase transformation at heating was observed. The annealing results in the decomposition of Al-and Cr-based supersaturated solid solutions. An increase in the Al2Cu phase content at heating was observed only in the samples, which were milled for 4 h. In the samples milled for 14 h, nearly no increase in Al2Cu phase content at heating was observed. Heating up to 500600
Introduction
The peculiarities of quasicrystals, such as a combination of high hardness with high antifriction properties, allow us to consider them as promising materials for industrial application [13] . However, there are some obstacles to the widespread use of quasicrystals as the structural materials. Quasicrystals usually have a narrow (no more than 12 at.% for each component) concentration range of existence, and complex process of crystallization from the melt, which hampers the use of classic metallurgical techniques for quasicrystal formation. To overcome the above-mentioned diculties, alternative methods of alloys preparation, such as mechanical alloying, can be used. It is known that mechanical alloying allows one to extend the concentration range of existence of phases [4, 5] . This is of particular importance in the case of intermetallic compounds, including quasicrystals.
Moreover, at mechanical alloying, all reactions proceed in the solid state. This helps to overcome the problems, which are associated with complex behavior of solidication during conventional casting.
The formation of quasicrystals both directly by mechanical alloying and by heating of mechanically alloyed powders has been widely reported [616] . The quasicrystals are considered as promising llers for polymer [1719] and metal [19] [20] [21] [22] matrixes to design wear-resistive antifriction composites. The quasicrystals of most studied Al-Cu-Fe system, however, possess some drawbacks, such as a high chemical activity, and, correspondingly, a low corrosion resistance [23, 24] . That is why the investigation of the quasicrystals of the relative systems, such as Al-Cu-Cr, may be of particular interest.
In our previous papers, the phase transformations in Al-Cu-Cr system at mechanical alloying and subsequent heating were studied. A possibility of decagonal quasicrystalline phase formation by mechanical alloying and subsequent heating was shown [25, 26] . The phase transformations at heating of mechanically alloyed powders were studied in detail in [27, 28] . Here, we investigate an eect of ion irradiation of initial elemental powders on the mechanical alloying of Al 73 Cu 11 Cr 16 powder.
Experimental details
The elemental powders of Al (98.0%, powder size ≈ 250 µm), Cu (99.5%, ≈ 3050 µm) and Cr (98.5%, ≈ 3050 µm) were used as the start materials. The ion irradiation of elemental powders was carried out by continuous Ar + gas ion beams according to technique described in [29] . The tape ion beam (20 by 100 mm 2 in cross-section) was cut from Ar + gas ion beams of round cross-section using a collimator. Stainless steel tray with were obtained with Co K α radiation and treated using the Rietveld algorithm [30] . Error in lattice constant estimation was of ±0.0001 nm. The QC volume fraction was evaluated by measuring the absolute intensity of almost single-phase quasicrystal obtained in [28] against the corundum reference.
3. Results and discussion Figure 1 shows the X-ray diractograms of powders, which were obtained by mechanical alloying from the irradiated elemental powders. It is seen that the interaction between aluminum and copper with Al 2 Cu phase formation proceeds at mechanical alloying, as well as it was observed at mechanical alloying of the same composition from non-irradiated elemental powders [28] . No XRD patterns related to pure Cu phase were observed after the milling. powders. An increase in the milling time leads to an increase in the Al 2 Cu phase content; for samples, which were mechanically alloyed from irradiated powders, the Al 2 Cu phase content was higher than for those mechanically alloyed from the non-irradiated powders. Figure 3 shows the DSC curves for the mechanically alloyed samples. The curves are close in the shape to those obtained in [28] for the samples, which were mechanically Similar dependences (Fig. 6) were observed for the phase with bcc lattice, which is a Cr-based solid solution. It should be noted that the Cr-based phase is more stable than the Al-based phase: a certain amount of Crbased phase was kept up to rather high temperature. An increase in the Al 2 Cu phase content at the annealing can be explained by the dissolution of copper in chromium and aluminium at mechanical alloying. The equilibrium solubility of copper in chromium and aluminium is insignicant; however, it is known that mechanical alloying can result in the formation of signicantly supersaturated solid solutions [34] . The highest solubility of copper in aluminium at mechanical alloying is of 5.6 at.% [34] ; and the highest solubility of copper in chromium at mechanical alloying is up to 30 at.% [35] . From the temperature dependences of Al 2 Cu phase content (Fig. 7) , it is seen that the eect of ion irradiation is compensated by the heating of samples. A comparison of curves 1 and 2 ( Fig. 7) shows that, for as- 
